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ABSTRACT
The research was carried out during kharif season of 2012-13 to find out the cost-effective weed management practices with 
special focus on fine tuning the dose and time of herbicide application,and its impact on growth and yield of pigeonpea at 
Bihar Agricultural University, Sabour, Bhagalpur. The result of the study revealed that uncontrolled growth of weeds led to 
40.53% reduction in pigeonpea yield in comparison with the other treatments. However, the highest seed yield (2,725 kg/ha) 
was obtained in weed free treatment but not cost-effective due to high cost in manual weed operation. Among the herbicide 
treatments, lower weed index (7.25%) was recorded in T2 (imazethapyr @ 40 g a.i./ha at 15 DAS), which resulted in higher 
seed yield (2,526 kg/ha), net returns (? 71,059/ha) and benefit: cost ratio (2.74).
Key words : Benefit :Cost ratio, Herbicide, Pigeonpea, Weed index, Yield.
INTRODUCTION
Pigeonpea [Cajanus cajan (L.) Millspaugh] is a short-lived 
perennial shrub that is traditionally cultivated as an annual crop 
in Asia, Africa, Caribbean region and Latin America. In India it is 
grown in an area of 3.86 M ha with production of 2.65 MT but 
low productivity of 686.5 kg/ha (FAO STAT, 2012). Since the 
scope of increasing pigeonpea area in the country is limited, 
increasing its productivity is the oniy viable option through 
managing various biotic and abiotic factors.
Among the biotic factors which limit the productivity of 
pigeonpea, weeds are major impediments. Considered a kharif 
season crop, the intermittent rains provide congenial 
environment for growth to all types of weeds including the 
narrow and broad-leaved weeds. Weeds are the leading 
constraints in pigeonpea production through their ability to 
compete for resources and their adverse impact on product 
quality. Due to wider row spacing and initial slow growth of 
pigeonpea, weeds pose a major problem to its productivity 
which may lead to its yield reduction of up to 80% (Talnikar et 
ai., 2008). Timely weed control is very essential for realization of 
yield potential of pigeonpea (Goyal et ai., 1991). Manual and 
mechanical methods of weed control are quite effective, but 
they are costly and time consuming (Ram et al., 2011). In 
addition, due to frequent rains it becomes difficult to do hand 
weeding at proper time. Under given circumstances farmers
1 2,4
Post Graduate Student, Associate Professor
Senior Scientist *(m.muia@cgiar.org, mgm81259@gmail.com)
3
need alternate production system using weed management 
that are most efficient, less labour intensive and cost-effective. 
Recognizing the importance of controlling weeds in enhancing 
growth and yield up to a considerable extent, the present 
research work was undertaken to find out the cost-effective 
weed management practices in pigeonpea under Bihar 
condition.
MATERIALS AND METHODS
The experiment was conducted in sandy loam soil at Bihar 
Agricultural University, Sabour (Bhagalpur) during 2012-2013 
cropping season. Pusa-9, a long duration (250-260 days) 
variety of pigeonpea, was selected because it is suitable for 
flood prone areas of Gangetic basin and widely grown in agro- 
climaticzone 3A of Biharas a kharifseason crop.
The research comprises of 12 treatments (Table 1) with 
three replications and was laid out in randomized block design 
covering an area of 1000 m2. Specification for each treatment 
consist of five rows of 6 m length with a row to row distance of- 
67.5 cm and plant to plant distance of 30 cm. Treatments 
consist of herbicides of two pre-emergence (metribuzin and 
pendimethalin) and two post-emergence (quizalofop-ethyl and 
imazethapyr); intercropping with black gram; weed free; and 
w eedy check (contro l). P re-em ergence herb ic ides 
(pendimethalin @ 750 g/ha and metribuzin 250 g/ha) were 
applied one day after sowing. Post-emergence herbicides 
(imazethapyr and quizalofop-ethyl) were sprayed at 15 DAS
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Table 1. W eed m anagem ent treatments
Treatment Particulars
Ti Imazethapyr (POE) @ 20 g a.i./ha at 15 DAS
t2 Imazethapyr (POE) @ 40 g a.i./ha at 15 DAS
t3 Imazethapyr (POE) @ 60 g a.i./ha at 15 DAS
t4 imazethapyr (POE) 20 g a.i./ha at 30 DAS
t 5 Imazethapyr (POE) @ 40 g a.i./ha at 30 DAS
T6 Imazethapyr (POE) @ 60 g a.i./ha at 30 DAS
Ty Pendimethalin (PE) @ 750 g a.i./ha
t 8 Pendimethalin (PE) @ 750 g a.i./ha +
Quizalofop-ethyl (POE) @ 50 g a.i./ha
t 9 Pigeonpea+ blackgram intercropping
T10 Metribuzin (PE) @ 250 g a.i./ha
T 11 Weedy check
T-12 Weed free (control)
Note :
POE Post-emergence PE : Pre-emergence
GAI. : Gram active ingredient ha : Hectare
DAS : Days after sowing
using flat fan nozzle. Hand weeding was carried out in weed 
free plot. The recommended fertilizer rate of 100 kg/ha of DAP 
was applied. Other cultural management practice was 
undertaken to ensure good crop growth.
Weed data were taken using a quadrate of 0.25 m2 and 
multiplied by four and were subjected to square root 
transformation by using the formula V x  + 0.5 (Chandel 1984). 
The data (weeds; and yield and yield attributes) were subjected 
to analysis of variance techniques (ANOVA) as prescribed by 
Cochran and Cox (1963) for testing the significant difference 
among various treatments at 5% level.
Net returns were calculated by subtracting the total farm 
expenditure from the gross income. The basis for estimating 
the net returns is by using the net yield derived from the 
estimated yield at harvest. The principle behind in estimating 
the benefit-cost ratio is to determine the investment incurred for 
every rupee invested during the cropping season (Mula et a i, 
2010).
RESULTS AND DISCUSSIONS
E ffect on w eed p opu la tion  : The major weed flora 
observed in the study at 60 DAS included grass weeds 
(■Cynodon dactylon, Dactyloctenium aegyptium, Echinochloa 
colona, Echinochloa crussgulli, Eleusine indica and Digitaria 
sanguinalis); sedges (Cyperus rotundus, Cyperusiria, Cyperus 
difformis); and broad-leaved weeds (Ageratum conyzoides, 
Digera arvensis, Physallis minima, Trianthema portulacastrum, 
Boerrhivia diffusa, Euphorbia hirta, Phyllanthus niruri, 
Commelina benghalensis & Bidens biternata). The population 
percentage of these three types of weeds are almost equal in 
each treatment except in T12 (Table 2). The highest percent 
population of grass weeds were noted in Ts (39.27), broad­
leaved weeds in T „ (35.67) & sedges in T, (39.97).
Table 2. W eed population at 60 DAS
Treatment
Grass Broad-leaves Sedges
-2
No./m %
-2
No./m % '
-2
No./m %
Ti 3.39 29.66 3.41 30.36 3.89 39.97
(11.01) (11.27) (14.84)
t 2 3.35 33.83 3.24 31.23 3.42 34.93
(10.92) (10.08) (11.27)
t3 3.20 32.79 3.14 31.16 3.34 36.04
(9.87) (9.38) (10.85)
t4 4.82 34.50 4.01 28.70 5.14 36.8
(22.82) (15.61) (25.97)
t 5 4.59 37.25 3.46 28.08 4.27 34.66
(20.58) (11.81) (17.85)
t 6 4.58 39.27 3.42 29.33 3.66 31.40
(20.51) (11.78) (13.09)
t 7 5.26 33.14 5.09 32.07 5.52 34.78
(27.93) (25.48) (30.03)
t 8 5.06 34.70 4.13 28.32 5.39 36.97
(25.83) (18.30) (28.84)
V 5.41 33.39 475 29.32 6.04 37.28
(29.47) (22.05) (36.05)
T-io 5.46 34.38 4.87 29.91 5.55 35.71
(29.40) (23.45) (30.38)
Tn 7.34 35.87 7.30 35.67 5:82 28.45
(53.41) (53.48) (37.42)
Tl2 0.71 0 0.71 0 0.71 0
(0.00) (0.00) (0.00)
SEm+ 0.30 0.40 0.48
CD at 5% 0.90 1.19 1.42
Note : Figure in parenthesis indicate the original value.
Moreover, the study also showed that during 60 DAS, all the 
treatments significantly reduced the weed population except in 
Ti r  However, T, T2and T3performed effectively in controlling all 
type of weeds. But among these three treatments, T3was best 
because it registered least weed count of grassy (3.20), broad- 
leaves (3.14) and sedges (3.34) while the highest was recorded 
in Tfl for grass (7.34), broad-leaves (7.30) and sedges (5.82) as 
shown in Table 2.
E ffect on  w eeds : Among all the weed management options, 
application of post-emergence herbicide imazethapyr @ 60 g 
a.i./ha at 15 DAS (T3) recorded significantly lower weed dry 
matter (5.04 g/m2 and 4.89 gm2) and weed control efficiency 
(80.38% and 83.36%) at 60 and 90 days after sowing, 
respectively (Table 3 and Fig. 1). However, imazethapyr @ 40 
g a.i./ha at 15 DAS (T2) was found statistically at par with T3 in 
terms of weed control efficiency (Fig. 1) and dry matter (Table 3) 
which is in conformity with the findings of Reddy etal. (2008).
In contrast to the other treatments, weedy check (T^) 
recorded higher weed density, dry matter and weed index 
which agrees to the findings of Dhonde et al. (2009). Among 
pre-emergence herbicides,.at 60 DAS, pendimethalin @ 750 g 
a.i./ha (T7) resulted in significantly higher weed control 
efficiency (75.03%) than T10 - metribuzin 250 g a.i./ha (62.20%)
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Table 3. Weed dry matter, weed control efficiency and weed 
index as influenced by weed management practices
Treatment
Weed dry matter 
at 60 DAS
(g/m2)
Weed control 
efficiency at 
60 DAS (%)
Weed
index
(%)
Ti 6.09 (36.6) 71.17 21.84
t2 5.06 (25.2) 80.16 7.25
t3 5.04 (24.9) 80.38 8.59
t4 5.33 (28) 77.94 27.21
t 5 5.22 (26.8) 78.80 12.50
t6 5.23 (26.9) 78.88 11.20
V 5.67 (31.7) 75.03 24.21
T8 5.36 (28.3) 77.72 18.68
Tg 7.61 (57.5) 54.72 22.13
T-tO 6.96 (48) 62.20 21.88
T|1 11.29 (127.0) 0.00 40.53
Tl2 0.71 (0.00) 100.00 0.00
SEm± 0.08 0.69 3.49
CD at 5% 0.24 2.03 10.23
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Weed control efficiency (%) at 60 DAS
W eed control efficiency o f different treatm ents 
at 60 DAS
Note : Figure in parenthesis indicate the original value, 
but lesser than T2. This might be due to effective control of 
weeds at an early stage and residual effect of imazethapyr 
resulting in direct killing or suppression of germinated weeds.
Weed index differed significantly due to different weed 
control treatments (Table 3). Uncontrolled growth of weeds (T„) 
led to 40.53% reduction in pigeonpea yield in comparison with 
weed free condition. Among the herbicidal treatments 
significantly lower weed index (7.25%) was recorded in 
application of imazethapyr @ 40 g a.i./ha at 15 DAS (T2) but 
remained statistically at par with T3 (8.59%).
Effect on yield and yield attributes : The weed free plot 
(T12) recorded more number of pods/plant (170.5), higher grain
yield/plant (63.2 g), and number of seeds/pod (3.7) as shown in 
Table 4. This attributes was mainly due to no crop-weed 
competition of nutrient which enable better plant growth 
allowing more primary and secondary branches.
Among the herbicide treatments, significantly higher 
number of primary and secondary branches/plant (14.6 and 
27.1, respectively), pods/plant (165.3), seeds/pod (3.6), grain 
yield/plant (59.2 g), and higher seed yield of 2,526 kg/ha was 
recorded in T2, but not significantly different with T3 (Table 4). 
Moreover, T2 obtain higher stalk yield (8,589 kg/ha) which was 
at par with T3 ,(8,457 kg/ha). The increased yield and yield 
attributes under treatments of imazethapyr was due to effective 
control o f grassy and broad-leaved weeds. These results were 
found in close conformity with the findings of Jadhav (2013) and 
Kelly ef a/. (1998) in soybean.
Table 4. Yield and yield attributes o f pigeonpea as influenced by weed m anagem ent
Treatment
Seed yield 
(kg/ha)
Stalk yield Plant height Pods/Plant Seeds/pod Grain yield/ Primary branches/ Secondary branches/ 
(kg/ha) (cm) (no) (no) plant (g) plant (no)__________plant (no)
T-| 2129.0 7338.6 254.7 141.6 3.2 50.5 12.6 23.0
t2 2526.0 8589.3 259.0 165.3 3.6 59.2 14.6 27.1
t 3 2492.6 8457.0 257.8 162.8 3.5 58.2 14.5
26.0
t4 1982.0 6735.0 257.2 143.5 3.3 46.5 12.0
21.0
t 5 2383.0 8100.3 248.1 158.0 3.5 55.5 13.9 24.4
t 6 2425.0 8245.0 242.5 163.0 , 3.5 46.4 14.0 25.6
t 7 2065.0 7018.0 236.2 153.3 3.5 46.4 12.6 20.2
T8 2210.0 7514.0 251.0 147.0 3.5 50.5
12.4 23.1
Tg 2124.0 7219.0 233.7 146.3 3.5 49.2 13.0 21.4
T10 2130.0 7274.6 238.8 136.0 3.4 49.8 14.2 22.4
T-n 1623.3 5850.3 216.7 127.0 3.1 37.4 9.8
16.9
T12 2725.0 9264.0 261.7 170.5 3.7 . 63.2
14.8 27.8
SEm± 94.9 297.9 8.24 4.07 0.08 1.60 0.89 1.89
CD at 5% 278.4 873.7 NS 11.95 0.23 4.69 2.63 ■5.56
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Table 5. Econom ics o f pigeonpea as influenced by
weed m anagem ent
Treatment
Cost of 
cultivation 
(?/ha)
Gross
return
(?/ha)
Net
return
(?/ha)
B:C
ratio
Seed
yield
"(kg/ha)
Ti 25620 81853.6 56233.6 2.19 2129.0
t 2 25940 96999.3 71059.3 2.74 2526.0
t 3 26260 95700.3 69440.3 2.64 2492.6
t4 25620 76105.0 50485.0 1.97 1982.0
~ 5 25940 91505.3 65565.3 2.53 2383.0
t 6 26260 93120.0 66860.0 2.55 2425.0
t 7 26425 79293.0 52868.0 2.00 2065.0
t 8 28125 84864.0 56739.0 2.02 2210.0
T 9 29650 81559.0 51909.0 1.75 2124.0
T10 25943 81824.6 55881.7 2.15 2130.0
Tn 25000 62667.0 37667.0 1.51 1623.3
~12 4Q000 104639.0 64639.0 1.61 2725.0
SEm± - 3580.7 3580.7 0.13 94.9
CD at 5% - 10501.93 10501.9 0.39 278.4
E ffec t on  econom ics
Total cost o f cu ltiva tion : Prevailing market prices during the 
cropping period were used to determine the estimates on costs 
of inputs used in this research. The analysis includes land, 
labour and capita! utilization costs. The cost of cultivation 
differed due to different weed management practices. Total cost 
of cultivation of each treatment was calculated by adding the 
common cost of cultivation with treatment cost according to 
herbicide used. Higher cost of cultivation was involved in weed 
free piot (? 40,000/ha) followed by pigeonpea + blackgram 
intercropping (? 29,650/ha) while T,, is having the least cost 
(K 25,000/ha) as revealed in Tabie 5.
Gross returns : The highest gross returns was noted in T,!2 at 
? 104,639/ha while the lowest recorded was T,, at ? 62,667/ha 
(Table 5). Among the herbicide treatments, post-emergence 
application in T2 has significantly higher gross return 
(? 96,999/ha) than the other treatments (T, and T4) but do not 
differ significantly with T3 (? 95,700/ha).
Net re tu rns  and B :C  ra tio  : The economic analysis revealed 
that higher net returns is recorded in T, (? 71,059/ha) and T3 (? 
69,440/ha) with higher benefit cost ratio of 2.74 and 2.64. 
respectively as compared to the other treatments (Tabie 5). 
These results collaborate to the findings of Gupta et al. (2013) 
and Padmaja eta!. (2013).
CONCLUSION
Based on the findings of present study, it can be concluded 
that weed can be a limiting factor in reducing pigeonpea yield 
as uncontrolled growth of weeds resulted in 40.53% reduction
in yield. Weed free treatment recorded highest grain yield of 
2,725 kg/ha but have the highest rate of cultivation at ? 
40,000/ha due to operational cost of hand weeding. Moreover, 
among the herbicide treatments, the higher grain yield and as 
weli as economic efficiency can be obtained through the 
application of imazethapyr @ 40 g a.i./ha at 15 DAS (Tz) or 
imazethapyr @ 60 g a.i./ha (T.). However, T2 performed better 
due to higher seed yield (2,526 kg/ha) and registering higher 
net return (? 71,059/ha) and B:C ratio (2.74).
REFERENCES
Chande! S R S. 1984. Analysis of Variance. A Handbook of 
Agricultural Statistics. 7th Edition, Achal Prakashan Mandhir. 
pp. 358-359.
Cochran W G and Cox G M. 1963. Experimental Design. John 
Willy arjd Sons, New York. pp. 611.
Dhonde M :B, Kate S R, Pandure B S and Tambe A D. 2009. 
integrated weed management in pigeoripea. Indian Journal of 
Weed Science. 41 (1&2): 102-105.
FAO Sta t .  2012 .  O n l in e  A g r i c u l t u r e  S ta t i s t i c s .
http://www.faostat.org.
Goyal S N, Tlkka S B S, Patel N M and Ahlawat I P S . 1991. 
integrated weed management in pigeonpea. Indian Journal of 
Agronomy. 36 (1): 52-54.
Gupta V, Singh M, Kumar A, Sharma B C and Kher D. 2013. 
Influence of weed management practices on weed dynamics 
and yield of urdbean (Vigna mungo) under rainfed conditions 
of Jammu. Indian Journal of Agronomy. 58 (2): 220-225.
Kelly AN, KarenARand Donald P. 1998. Weed, control in soybean 
(Giycine max) with imazamox and imazethapyr. Weed 
Science. 46 (5): 584-594.
Jadhav V T. 2013. Yield and economics of soybean -under 
integrated weed management practices. Indian Journal of 
Weed Science. 45 (1): 39-41.
Mula M G, Saxena K B, Kumar R V, Mula R P and RathoreA. 2010. 
Response of spacing on yield and returns of CMS based 
medium duration pigeonpea (Cajanus cajan) hybrid. Green 
Farming. 1 (4): 331-335.
Padmaja B, Reddy M M, Reddy D and Vishnu V. 2013. Weed 
control efficiency of pre-and post- emergence herbicides in 
pigeonpea (Cajanus cajan L). Journal of Food Legumes. 26 
(1&2): 44-457.
Ram B, Punia S S, Meena D S and Tetarwal J P. 2011. Bio-efficacy 
of post emergence herbicides to manage weeds'in field pea. 
Journal of Food Legumes. 24 :254-257.
Reddy M M, Padmaja B and Rao L J. 2008. Response of rabi 
pigeonpea to irrigation scheduling and weed management in 
alfispls. Journal of Food Legumes. 2 1 :237-239.
Talnikar A S, Kadam D R, Karande D R and Jogdand P B. 2008. 
Integrated weed management in pigeonpea (Cajanus cajan 
(L ) Miiisp.). Internationa! Journal of Agricultural Sciences. 4 :
131 Green Farming
